Objective: To find out the predicting factors of early recurrent hypothermia in patients from a mental institute and the role of use of antipsychotics. Design: Retrospective cohort study. Setting: Accident and emergency department of a regional public hospital in Hong Kong. Method: All adult patients transferred from a mental hospital to the study centre presenting with hypothermia from 1st January 2002 to 31st December 2009 were included. Demographic data, medical history, drug history, patient's mobility status, and the ambient temperature of the presenting date were collected as predicting variable and analyzed using Wei, Lin and Weissfeld model, with time to the next hypothermia as outcome variable. Results: Forty eight patients with 96 hypothermia episodes were included. The use of typical antipsychotics was associated with a significantly shorter median time to the next hypothermia episode (50.2 to 21 months) (p=0.005 by log rank test). In the Wei, Lin and Weissfeld model, use of typical antipsychotics was the sole significant predicting factor for early recurrent hypothermia (p<0.0001), with hazard ratio of 2.89 (95% CI 1. 64-5.10). Conclusion: Use of typical antipsychotics is the only significant predictor of early recurrence of hypothermia in institutionalised psychiatric patients. (Hong Kong j.emerg.med. 2012;19:23-31) 2002 1 1 2009 12 31 Wei, Lin Weissfeld 48 96 50.2 21 Log rank p=0.005 Wei, Lin Weissfeld p<0.0001 2.89 95 CI 1.64-5.10
Introduction
Hypothermia, without underlying endocrinopathies and organ failures, was more commonly observed in a subset of patients resided in mental institutions. We had received a group of mentally incapacitated patients in a mental hospital with repeated presentation to accident and emergency department (AED) for recurrent hypothermia. Most of the episodes were mild to moderate hypothermia and self-limiting. The underlying mechanism could be related to prolonged immobility, change in ambient temperature, underlying endocrinopathies, sepsis, and most importantly, use of neuroleptics and tranquillisers for chemical sedation.
Use of antipsychotics is well recognised as a contributing factor to hypothermic episodes in mental patients. 1 Our study was the first retrospective cohort study in the literature trying to delineate the aetiological factors associated with recurrent hypothermia in mental patients. We aimed to explore whether the use of typical antipsychotics was associated with higher incidence of recurrent hypothermia and shorter recurrence time in mental patients. The potential implication was that optimisation of regimen for chemical sedation in mental patients could reduce recurrent hypothermic episodes and unnecessary hospital admissions.
Methods

Patient population
We performed a retrospective cohort study of all attendance of mental patients transferred from the mental hospital to AED of a regional hospital because of hypothermia from 1st January 2002 to 31st December 2009. Our centre is the only referral centre to receive all patients with medical problems from that mental hospital. Hypothermia was defined as body temperature of less than 35 degree Celsius measured by rectal thermometer.
Data source and data collection
We assembled all eligible hypothermic episodes by hospital database, the Clinical Data Analysis and Reporting System (CDARS), using the International Classification of Disease Coding, Ninth Revision (ICD-9). All the diagnosis codes were entered by the attending ward physicians. The ICD-9 codes included were 780.9 (Hypothermia) and 991.6 (Hypothermia due to low environmental temperature). The search period started from 1st January 2002 to 31st December 2009. The clinical details of each collected cases are collected by electronic patient records and written clinical records. All eligible cases fulfilled the inclusion criteria were included in the study. The inclusion criteria were adult patients with aged more than or equal to 18 years old, who were transferred from the mental hospital, with rectal temperature of less than 35 degree Celsius. Demographic data were retrieved from the electronic patient record. Drug history was retrieved from written and electronic patient records.
The hypothermic episode was considered to be related to infections when the corresponding physician considered sepsis as the underlying cause, with documented laboratory results of positive cultures in the microbiological samples (urine samples for urinary tract infection, sputum samples for pneumonia, or positive blood culture).
Hypothyroidism and hypocortisolism were considered to be the endocrinopathic cause of hypothermia. Patients with free thyroxine level <12 pmol/l were considered hypothyroid. Subset of patients with subclinical hypothyroidism and those with known hypothyroidism with adequate thyroxine replacement were not considered as the aetiological agent of the hypothermic episode. For hypocortisolism, the hypothermic episode was considered to be related to hypocortisolism when there was positive short synathen test on the same admission and the diagnosis was made by endocrinologist. The patients were classified into impaired mobility (bedridden or chair-bound) versus mobile for the adjustment of confounding effect of mobility. Patients were considered to have chronic medical illness when they had known history of chronic renal failure, decompensated cirrhosis or stroke.
Drug history was retrieved for each hypothermic episode whether patient was taking any antipsychotics at the time of attendance. Lowest ambient temperature on the day of attendance of each hypothermic episode was retrieved from the Hong Kong Observatory Database, which is the official institution for recording and forecasting weathers in Hong Kong. Death records were traced from the death registry of hospital in the study centre.
Statistical analysis
The baseline characteristics of patients with single episode and multiple episodes of hypothermia were compared by independent sample t-test for continuous variables and Chi square or Fisher's exact test for categorical variables where appropriate.
In order to study on the recurrence time of hypothermic episodes and the occurrence of data censoring at the ending date of study or patient's death, survival analysis technique was used for analysis. We performed univariate analysis with Kaplan-Meier method and calculated the median survival time (the median time from the last hypothermic episode to the next hypothermic episode), and compared by log rank test, Gehan-Brewslow test and Tarone-ware test. The power of these tests differs in focus on earlier or later period of the study.
Each patient could have single episode of hypothermia, or multiple recurrent hypothermic episodes. There was also dependence among each events of the same patient with recurrent hypothermic episodes. A Cox proportional hazard model compatible with repeated events obtaining robust variance estimates would be appropriate for the control of confounders and compatible with subject-event non-independence. Wei-Lin-Weissfeld model was chosen in this present study for the above reasons because it could deal with an unconditional risk set, ordered events (hypothermic events) and allow estimation of a separate baseline hazard for each event (knowing that risk factors associated with each hypothermic event could change among different recurrent episodes). Covariates in the multivariate Wei-Lin-Weissfeld model included age, gender, existence of sepsis, endocrinopathy on admission for the corresponding episode, the lowest daily ambient temperature, history of chronic medical illness, patient's mobility status and whether patient was on antipsychotics on admission. Patients were censored with patient's death or at the end of the study. To test the proportional hazards assumption, we examined the correlations of Schoenfeld residuals. To assess the correct functional form of continuous covariates, we plotted martingale residuals from the model against each continuous covariate.
The statistical packages employed were SPSS 16.0 and STATA 9.2 for windows. For power analysis, power analysis was performed by NCSS-PASS 2008, based on log rank test of the survival curve estimates of typical antipsychotics. We aimed to calculate the power of our study in detecting the hazard difference between the group with use of typical antipsychotics and those without by a log rank test. A total sample size of 96 as in our study, achieved more than 80% power at 5% significance level to detect the difference in the proportion of recurrent hypothermia in the 2 groups (64.4% in group of use of typical antipsychotic and 37.3% in group of not using typical antipsychotic).
Approval from Ethics Committee was exempted because of the retrospective nature and the absent of impact on patients' management.
Results
Totally 48 patients with 96 hypothermic episodes were included in the study. Within that 31 patients had single hypothermic episode in the study period. Another 17 patients had multiple hypothermic episodes and accounted for the remaining 65 hypothermic events.
The baseline characteristics were shown in Table 1 . The mean age was 43.1 years old. And the patients were male-predominated. Most of them were in mild grade of hypothermia and the mean body temperature on admission was 33.5 degree Celsius. About 40.6% of them are schizophrenic and 75% of them were mentally retarded. For medical co-morbidities, 13.5% of the patients had chronic renal failure, stroke or decompensated cirrhosis; 41.7% of the patients had significant impairment of their mobility i.e. bedridden or chair-bound; and 12.5% had endocrinopathies contributing to the hypothermic episodes (within which two thirds of them were hypothyroidism and one third was hypocortisolism). The average ambient temperature on the day of admission was 20.6 degree Celsius. Around 18% of the hypothermic episodes were considered infection-related. Around 70% of patients were on antipsychotics with 49.6% and 28.1% of the patients were on typical and atypical antipsychotics respectively.
Comparing the group of patients with single episode of hypothermia versus those with recurrent hypothermia, there was no major difference in age, gender, ambient temperature on admission day, prevalence of chronic medical illness and sepsis. More patients had impaired mobility in group with single episode (64.5%) compared to recurrent hypothermia (30.8%) (p=0.002). The observation was probably related to the fact that more recurrent hyperthermia patients were mentally retard with limited mobility. More patients with single episode of hypothermia had endocrinopathies (16.1%) and less in the group of recurrent hypothermia (10.8%). For the usage of antipsychotics, More patients were on typical antipsychotics in the group of recurrent hypothermia (53.8%) compared to the group with single episode (32.3%).
Among the 48 patients included, 31 patients presented with a single episode while 17 patients have recurrent hypothermia episodes in the study period. Figure 1 For the Kaplan Meier estimates (Figure 2) , the median survival time represented the median time to the next Table 2 ).
In the Wei-Lin-Weissfeld Cox proportional hazard model (see table 3 ), after controlled for the effect of confounding, only the use of typical antipsychotics was the significant predictor affecting the time to recurrent hypothermia with hazard ratio of 2.89 (95% confidence interval 1.64-5.1, p<0.00001). Use of atypical antipsychotics was not associated with shorter time to the next hypothermia. Mobility status was in borderline significance with 5% level of significance (hazard ratio of bedridden to mobile of 2, p=0.069). Examination of the Schoenfeld residuals, log minus log plots and martingale residuals revealed no gross deviation from the assumptions of the Cox proportional hazard model.
Discussion
Hypothermia is defined as a reduction in the body's core temperature to less than 35 degree Celsius. This condition is believed to be resulted from exposure to cold environment overwhelming the compensatory thermoregulatory mechanism. Despite the sub-tropical climate of Hong Kong, hypothermia is not a rare presenting problem to the accident and emergency department. There has been an observation that hypothermia is particularly common and tends to be recurrent among those patients residing in mental institutes. Unlike other hypothermic patients, these patients often present without an identifiable environmental cause. Repeated septic and endocrine workup often could not reveal any abnormalities in these recurrent cases, and the environmental temperature is not necessarily low during the occurrence of these hypothermic events.
Antipsychotic efficacy of antipsychotics, especially in treating positive symptoms, is mediated by blocking the mesocortical and mesolimbic D 2 receptors. All antipsychotics share this property. While the antagonism of the D 2 receptors in other brain regions accounts for many of the undesired side effects. D 2 receptor blockade in the anterior hypothalamus can alter the core temperature set point, block thermosensitive neuronal inputs, and inhibit centrally mediated thermoregulator y responses. 2 Both hypothermia and hyperthermia can occur from antipsychotic therapy. The relative affinity of D 2 receptors in various parts of the brain determines the efficacy and side effects profiles of that drug. The pharmacodynamics and receptors affinity of typical and atypical antipsychotics differs significantly, thus difference would be anticipated in the association with hypothermia.
The effect of antipsychotics on thermoregulation was noticed even before its psychotropic properties. In the early 1950s, the first manufactured antipsychotic, chloropromazine, was used for artificial hibernation to suppress compensatory responses to body cooling in surgery. 3 There were many case reports in the literature reporting hypothermia caused by antipsychotics, including both typical and atypical antipsychotics. [4] [5] [6] [7] Moreover, hypothermia had also been reported in acute haloperidol poisoning. 8 Furthermore, escalating doses of antipsychotics was reported as a risk factor and trigger for hypothermic episodes in mental patients. 9, 10 Recurrent hypothermia when using antipsychotics had also been reported before. 4 Although the correlation of hypothermic episodes with the use of antipsychotics was well reported in the literature, a causation effect could not be established by evidences from these case reports or case series. Also, all tranquillisers including antipsychotics have sedative effect and would probably reduce the patients' mobility and activity status, it is uncertain that this effect of mobility would be a significant confounder for such a correlation. Another gap in knowledge would be the uncertainty of the strength of association, and the difference in the hazards in using typical or atypical antipsychotics. Very few studies had been carried out to delineate and quantify the effect of antipsychotics as a factor causing hypothermia. Van Marum et al had reported a study of 43 patients, pooled from previous case reports, who had developed hypothermia when using antipsychotics. 11 The author observed that there was a predominance of case reports for schizophrenic patients and little for other frequent antipsychotics drug user groups like dementia or delirious elderly. Another observation is that, antipsychotics related hypothermia was most likely observed during the start or stepping up an antipsychotic drug. We could not agree with this comment because it could be seriously affected by reporting bias. Obviously, cases were more likely to be reported and interpreted as antipsychotics-related if the hypothermia occurred shortly after the initiation of treatment; while patients who developed hypothermia at later period could be considered as unrelated to antipsychotic treatment and thus being under-reported. Besides, that study also compared the likelihood of associations with hypothermia among various drugs by utilising the concept of "reporting odds ratio" which implies the ratio of hypothermic episode to other adverse drug reactions reported in the database registry. This methodology which depended on the reporting rate of adverse drug reactions could be rather unreliable by itself and subjected to bias.
A study methodology focusing on frequency of recurrence and time to recurrence could possibly minimise the report biases and Weber-effect, which implies that the number of reported adverse reactions for a drug will change with the duration of marketing. In our study, we found that more patients with single episode of hypothermia had endocrinopathies (16.1%) when compared with those with recurrence (10.8%). This was understandable because all of the cases had hormone replacement and medical follow-up after revealed the endocrinopathies. Contradicting to common beliefs, we found that the ambient temperature and cold weather warning were not significant predictors of recurrence of hypothermia. It would be understandable as these mental patients were institutionalised and living in an environment with temperature and humidity control. In fact many of these patients presented during warm seasons.
We found that the use of typical antipsychotics, but not atypical one, was the only significant predictor of recurrence of hypothermia. In mental patients presenting with hypothermia, after ruling out correctable causes like sepsis or endocrinopathy, switching to atypical antipsychotics or other tranquillisers should be considered, especially for the patients with recurrent attacks of hypothermia. Moreover, routine daily measurement of body temperature should be considered for early detection of hypothermia episode in a mental institution, especially for those on antipsychotics and with history of hypothermia.
For the limitations of our study, it was a retrospective cohort study and had potential recording error and missing data. The search of hypothermia cases was based on the ICD codes entered by the attending ward physician and there was potential error of code entry, thus posing possible biases. Therefore we tried to include all relevant diagnoses to hypothermia in ICD-9 to minimise the bias. The definition of sepsis or mobility status of patient was not perfect. Use of antibiotics treatment before blood culture could have introduced misclassification error. Mobility status of patient might change over time. Besides, the time of follow-up may not be long enough for this rare disease entity; however it was already the best achievable approach in our local setting.
Conclusion
Use of typical antipsychotics is the only statistically significant predictor of early recurrence of hypothermia in institutionalised psychiatric patients. For mental patients presenting with recurrent hypothermia w i t h o u t a c o r r e c t a b l e c a u s e l i k e s e p s i s o r endocrinopathy, switching to atypical antipsychotics or other tranquillisers should be considered.
